ABSTRACT
INTRODUCTION TO NEXT GENERATION RESPONSE SYSTEMS

55
Several years of teaching using a traditional clicker system (TurningPoint) induced frustration with an inability to construct clicker questions that consistently engaged students in ways similar to problem set, quiz, and exam questions. For the past two years in Organic I and II, use of a next generation classroom response system has enabled student engagement through peer instruction with more diverse conceptual 60 classroom problems. Questions can be easily authored by the instructor 17 or selected from a question bank containing content shared by other instructors. 18 It is simple to upload new content to the question bank; using previously uploaded problems requires searching through the material already posted by word or question-type searches. 19 Questions are delivered directly to student devices either sequentially or all at once 65 and can be completed during class or before class as a homework assignment. The classroom must have wireless access, and students must have a web-enabled device. 20 (Requiring the use of these devices can promote student distraction; 21 thus, instructors are encouraged to proactively address this issue with students.) Drawing with a touch screen, track pad, or mouse was equally effective, and challenges only arose when 70 trying to draw complicated structures on screens smaller than traditional tablets.
Delivery directly to each student is a major advantage that obviates the need to project or draw each question. Many question types can be graded automatically, and aggregated responses can be delivered directly to students' devices. Students always have their device (they might forget a clicker, but they never forget their phone), it is 7/11/17
Page 4 of 12 simple to use in class, and they can review all of the questions and answers outside of class. Instructors can easily check student performance in an online grade book.
Delivering questions all at once at the beginning or in the middle of class enables student groups to work through problems at their own pace. Instructors can use these response systems in ways that best suit their needs either to follow up on previously 80 completed homework or to check comprehension of a topic just presented in class.
Using the diverse question types available as a formative assessment tool, instructors can quickly gauge comprehension of interesting questions in medium to large classes and then use class time accordingly. However, the goal here is to demonstrate applications focusing on graphical and structural questions that replicate the way organic chemists think about problems.
EXAMPLE QUESTIONS AND STUDENT ANSWERS
One valuable question type enables queries based on an uploaded picture. For example, a ChemDraw structure is imported and then a portion of the structure is In Organic II, these types of questions can be focused on reactions and synthesis. An interesting drawing-based question type overlays individual answers into a single image and is not automatically graded. In Figure 4 , it is easy to see that most students understand that hydroxide is not a strong enough base to deprotonate an alkyne while the other two bases will participate in the desired reaction. This question 120 type is especially useful to quickly gauge understanding for any graphical-type problem including constructing reaction coordinate diagrams or in general chemistry when asking questions about trends using a periodic table or generating titration curves. projection problem with a subset of answers is shown in Figure 5 highlighting the ease of rapidly analyzing a multitude of individual student answers. Answers to the synthesis question in Figure 6 highlight a variety of reagents promoting SN2 or E2 reactions, the desired responses for the two-or three-step transformation of a 140 primary bromide to an aldehyde. Interestingly, responses that might not be obvious outliers when constructing multiple choice-type questions also appear: formaldehyde, NaH, LAH, and Grignard. In fact, the unanticipated LAH, Mg, and Grignard are the second most popular answers behind the desired NaOH. Answers like these help quickly identify student misconceptions that might remain hidden with simpler 145 multiple-choice questions.
Draw the Newman projection looking down the C2-C3 bond of the most stable conformation of 2-methylbutane. encourages student-student discussion, increases class participation, and helps them evaluate what they know or don't know. Specifically, they noted that it "allowed for immediate engagement and feedback which is challenging in lecture classes" and "made me engage with other students around me and helped me find a study group". 
